Introduction: We aimed to demonstrate if fosfomycin tromethamine (FT) treatment could be the treatment of choice in ESBL-producing Enterobacteriaceae strains as an alternative to carbapenem particularly in patients who we would like to treat on an outpatient basis. Methodology; We retrospectively analyzed the medical records of all patients who admitted to infectious disease outpatient clinic with complaints of dysuria and frequency and received FT for lower UTI between May 2016 and May 2017. Results: A total of 48 patients, 19 females (39.6%) and 29 males (60.4%), with a mean age of 62.5 (ranging from 27 to 85) years were included the study. 26 (76.4%) of patients with a history of urinary operation or intervention had also a history of antibiotic use within the past 3 months. The isolated pathogens included Escherichia Coli (n = 32), Klebsiella spp. (n = 12), Enterobacter spp. (n = 4). The overall microbiological response after treatment was 70.8% (34/48) and the clinical response was 75% (36/48). Clinical and microbiological response rates of patients with and without urinary operation/intervention, diabetes mellitus, history of antibiotic use and malignancy were found similar (p > 0.05). However, patients with a urinary stone disease history had significantly higher response rates than those without a urinary stone disease history (P = 0.042). Conclusion: Oral fosfomycin tromethamine might be the treatment of choice in ESBL-producing enterobactericea related UTIs especially caused by Escherichia Coli.
Introduction
Urinary tract infections (UTIs) are one of the most common infections both in inpatient and outpatient populations. The majority of these infections are uncomplicated lower UTIs. UTIs caused by Enterobacteriaceae, which produces extended spectrum beta-lactamase (ESBL), are seen all over the world as well as increasing frequency in our country [1, 2] . For community-associated ESBL infection; previous antibiotic use, recurrent UTIs, diabetes mellitus, urinary instrumentation, female sex and being over 65 years old are considered as risk factors [3] . However, it is reported that in recent years there has been an increase in the frequency of community-acquired infections due to ESBL-producing Enterobacteriaceae isolates in which no risk factor could be detected [4] . Carbapenems are the most reliable antibiotics for infections caused by ESBL producing Enterobacteriaceae. However, overuse of these drugs causes the problem of increased drug resistance [5] . Treatment with these antibiotics requires patients to be hospitalized and also increases the cost of treatment [1] . There are a small number of oral antibiotics available in the empirical treatment of UTIs caused by ESBLproducing pathogens. Large-scale isolate investigations have shown that many isolates of Escherichia coli responsible for UTIs are resistant to most oral antibiotics, including fluoroquinolones, trimethoprimsulfamethoxazole (TMP-SMX) and β-lactam agents [6] . Fosfomycin tromethamine (FT), a naturally occurring antimicrobial agent, exhibits broad-spectrum antibacterial activity by suppressing the peptidoglycan, an important component of the bacterial cell wall, synthesis pathway of Gram-negative pathogens [7] . FT has good antimicrobial activity against clinical isolates of ESBL producing Enterobacteriaceae [8] .
FT is an effective, inexpensive and easily applicable therapy that can be used in the treatment of uncomplicated lower UTIs infections caused by ESBLproducing Enterobacteriaceae strains.
Although there are many publications about the in vitro activity of the FT on Enterobacteriaceae group, there is a scarce of data showing in vivo efficacy especially in patients with underlying risk factors. The aim of this study is to demonstrate if FT treatment could be the treatment of choice in ESBL-producing Enterobacteriaceae strains as an alternative to carbapenem particularly in patients who we would like to treat on an outpatient basis.
Methodology
After the approval of institutional review board, we retrospectively analyzed the medical records of all patients who admitted to infectious disease outpatient clinic with complaints of dysuria and frequency and received ) in urine culture and no fever or leukocytosis were included the study. Patients with a history of allergy to Fosfomycin tromethamine, younger than 18 years of old or who used concurrent antibiotics for the isolated organism were excluded from the study.
Clean-catch urine samples obtained from patients were inoculated on 5% sheep blood agar and eosinmethylene blue agar by means of a 0.01 mL calibrated loop. Isolated strains were identified by the BD Phoenix automated system and sensitivity tests were performed. Antibiotic susceptibilities of isolates were determined according to CLSI (Clinical and Laboratory Standards Institute) recommendations [9] . ESBL productions were investigated by double disk synergy method; the minimum inhibitory concentration (MIC) values of Fosfomycin tromethamine were determined by E-test. According to CLSI criteria, those with MIC values ≥ 256 μg / mL were considered as resistant and those with ≤ 64 μg / mL were considered as sensitive.
Examined parameters included patients' age, sex, operation history, presence of underlying disease, history of antibiotic use in the last 3 months and clinical findings. A total of 2 doses of Fosfomycin tromethamine sachet (Monurol, Zambon S.p.A-Bilim İlaç or Uromisin, Koçak Farma İlaç) (3g ×1) every other night were given to all patients. Clinical success was defined as symptom relief at the control visit and microbiological success was defined as a sterile control urine culture taken 7 to 9 days after the last dose of the drug according to the guidelines of the American Society of Infectious Diseases (ASID) guidelines [10] .
Patients' urine cultures performed at first week and one month after treatment was also examined. In addition, the urine culture results of the patients who had readmitted to the hospital were evaluated.
Isolation of ESBL-producing Enterobacteriaceae in the control urine culture within 28-30 days posttreatment was defined as relapse. Reinfection was defined as isolation of any pathogens in the urine culture within 28-30 days post-treatment.
Results
A total of 48 patients, 19 females (39.6%) and 29 males (60.4%), with a mean age of 62.5 (ranging from 27 to 85) years were included the study. Among 48 patients, 37 patients were older than 50 years old. 34 patients (70.8%) had a history of either urinary operation or intervention, of which 31 (91.1%) were older than 50 years. 26 (76.4%) of patients with a history of urinary operation or intervention had also a history of antibiotic use within the past 3 months (Table  1) . Previous urinary operation/catheterization and antibiotic use within the past 3 months were the most common predisposing factors for ESBL-producing Enterobactericae related lower UTIs.
The isolated pathogens included E. coli (n = 32), Klebsiella spp. (n = 12), Enterobacter spp. (n = 4). All isolates were resistant to ciprofloxacin and TMP/SMX while were sensitive to FT, imipenem / cilastatin, meropenem and ertapenem.
The overall microbiological response after treatment was 70.8% (34/48) and the clinical response was 75% (36/48). When the subgroup analysis of this result was performed, the microbiological response rate in patients with Klebsiella spp-related infection was 50% (6/12), whereas 79% (25/32) in patients with E. Coli-related infection. Control urine culture performed 28 days after the antibiotherapy was available in 32 of 48 patients (66.6%). Relapse and reinfection rates were 3.1% (2/32) and 9.3% (3/32), respectively. 85.7% Clinical and microbiological response rates of patients with and without urinary operation/intervention, diabetes mellitus, history of antibiotic use and malignancy were found similar (p > 0.05). However, patients with a urinary stone disease history had significantly higher response rates than those without a urinary stone disease history (P = 0.042).
Discussion
Urinary tract infections (UTIs) are commonly seen and constitute a significant burden of hospitalizations and health-care cost. Increased antimicrobial resistance and limited treatment options in Gram-negative bacteria have increased the interest in 'old' antibiotic FT [11] . FT is a phosphonic acid derivative. It has a broad-spectrum antibacterial activity, including Gram-positive and ESBL-producing gram-negative strains. FT has good in vitro activity against many multidrug resistant uropathogen species [12] . FT is an attractive drug in the treatment of UTI by means of certain properties including rapid absorption after oral administration and achieving high urine concentration, biofilm activity and efficacy against various multidrug-resistant organism such as extended spectrum beta-lactamase-(ESBL) and AmpC beta-lactamase-(AmpC) producing Enterobacteriaceae. Oral FT is well tolerated and has no serious side effects. Only 5% of patients are reported to have side effects, most commonly diarrhea [11] [12] [13] [14] .
The most reliable treatment option for ESBLproducing Enterobactericae is carbapenem. But the widespread use of carbapenems brings with the problem of increased resistance [5] . None of the patients included in the present study were sensitive to ciprofloxacin and TMP/SMX, but were sensitive to FT and carbapenems. Oral FT treatment were given to outpatient clinic patients without fever and leukocytosis because carbapenem therapy needed patient hospitalization and was not cost-effective.
In the present study, oral FT treatment was more effective in ESBL-producing E. coli compared to Klebsiella spp., 79% versus 50%. In a study by Fedrigo et al, FT was reported to represent high in vitro activity against E. coli, as well as higher MIC distribution against Klebsiella spp. They suggested that this finding was in concordance with previous studies reporting standard single dose FT treatment inadequate for urinary tract infections caused by Klebsiella [14] . In a review by Flagas et al., among ESBL-producing Enterobactericea especially E. coli was found to be most sensitive to FT and it was emphasized that there is pre-clinical evidence showing that phosphomycin is a valuble treatment option in lower urinary tract infections caused by ESBL-producing E. coli [8] . In the present study, although oral FT treatment was initiated according to the in vitro susceptibility tests, half of the 12 patients who had ESBL-producing Klebsiella spp. continued to have ESBL-producing Klebsiella spp. in their urine cultures after FT treatment. This might suggest that invitro and invivo efficacy of FT might not be the same in ESBL-producing Klebsiella spp.-related UTIs.
Comorbidities and underlying diseases might also have an impact on treatment outcomes. In a retrospective cohort study by Matthews et al., no association was found between co-morbidities and FT treatment failure [13] . Our hospital is a tertiary referral center and it was difficult to treat most of the patients because of the underlying predisposing factors. However, no statistically significant association was found between the presence or absence of risk factors and treatment failure in accordance with the aforementioned study. This might be indicative of FT may also be effective in the treatment of such difficult patients.
In a retrospective cohort study by Veve et al. [15] comparing oral FT with ertapenem in ESBL-producing bacteria-related urinary tract infections, responses to oral FT treatment were not lower than intravenous ertapenem treatment. Similarly in another study Şenol et al. found that the clinical and microbiologic response rates were comparable in oral FT and i.v. carbapenem treatments [16] .
In the present study, oral Fosfomycin tromethamine treatment represents high clinical and microbiological success of treatment in UTIs caused by ESBLproducing enterobactericea, especially E. coli, including patients with underlying predisposing factor without fever and leucocytosis. However, despite the in-vitro efficacy treatment success remains at 50% in infections caused by Klebsiella spp. Also none of the patients had an oral treatment alternative. Thus, FT seems to be a good treatment alternative as being costeffective and having low side effects and also it is without disadvantages such as hospitalization, time loss, etc. From a patient's point of view, oral outpatient antibiotherapy might be superior in terms of quality of life and might avoid the risk of infection or thrombosis due to catheterization [15] .
Conclusion
As a result, oral Fosfomycin tromethamine might be the treatment of choice in ESBL-producing enterobactericea related UTIs especially caused by E. Coli. In addition, the presence of underlying predisposing factors is not a confounding factor for the use of oral FT.
